Background-Ninety percent of HIV-1-infected children live in sub-Saharan Africa. In the absence of diagnosis and antiretroviral therapy (ART), approximately 50% die before 2 years.
Introduction
Of the 2.2 million children currently living with human immunodeficiency virus type 1 (HIV-1) globally, 90% reside in sub-Saharan Africa (UNAIDS 2004). In Kenya alone, over 150,000 children are estimated to be HIV-1 infected. HIV-1 in African children progresses rapidly and is characterized by high mortality. A pooled analysis on the mortality of infants born to HIV-1 infected mothers in Africa demonstrated that without antiretroviral therapy (ART), 30% of HIV-1-infected infants died by the age of 1 year and 50% died by their second birthday (1, 2) . Early diagnosis and treatment of infected children may decrease this high mortality.
Infants of HIV-1 seropositive women have passively acquired HIV-1 specific antibodies, and therefore diagnosis of HIV-1 infection in infants requires virologic assays that are currently unavailable to the majority of infants in areas of high HIV-1 seroprevalence. In Kenya at the time of the study, HIV-1 Virologic assays for diagnosis were available in only 4 labor oratories, and 2 were purely for research (3) . The diagnostic gold standard laboratory test for HIV-1 infection is the HIV-1 qualitative DNA PCR, with sensitivities and specificities in the high 90th percentile in Africa ( (4, 5) . Screening technology using dried whole blood spots (DBS), has been successfully used for PCR-based detection of human immunodeficiency virus (6, 7, 8, 9, 10) In areas where virological testing is unavailable two algorithms are recommended by the World Health Organization (WHO) for diagnosis of HIV-1 infection and initiation of ART in infants. The Integrated Management of Childhood Illnesses (IMCI) criteria identifies children with suspected HIV-1 infection for HIV-1 testing and referral (11, 12) . The adapted IMCI criteria for Kenya, suspicion of HIV in a child is based on a positive antibody test and 3 or more of the following; history of tuberculosis in parent, recccurent pneumonia, lymphadenopathy, oral thrush, diarrhea lasting 7 or more days, growth faltering, parotid enlargement and ear discharge. The WHO Presumptive Diagnosis (WHO-PD) criteria is designed to diagnose HIV-1 infection among symptomatic HIV-1-exposed children aged less than 18 months and uses a scoring system based on clinical factors (2 or more of the following; oral thrush, severe pneumonia, severe wasting or weight <5 th centile) to identify those in most need of ART (Revised WHO Paediatric ART guidelines for resource limited settings 2005). The present guidelines are part of WHO's commitment to achieving universal access for all HIV-1 infected individuals to ART by 2010. We conducted a study to determine sensitivity and specificity of the IMCI and WHO-PD clinical algorithms, with and without incorporation of CD4 T cell results, for diagnosis of HIV-1 infection and ART initiation in HIV-1 exposed Kenyan children aged less than 18 months.
Methods

Study design and subjects
This was a cross-sectional study carried out at Kenyatta National Hospital's (KNH) general paediatric wards and outpatient clinics in Nairobi, Kenya. KNH is a national public referral hospital which also serves as the teaching facility for the University of Nairobi Medical School. At the initiation of this study, the hospital was in the implementation phase of routine offer of provider initiated testing and counseling (PITC) with HIV-1 immunoglobulin (IgG) antibody testing using ELISA assays to all children accessing services in the general paediatric wards and outpatient clinics as a strategy to increase ART access to children. While this would identify children who had been exposed to HIV-1, it would not definitively identify HIV-1-infected children under 18 months old. Virologic assays that would enable definitive HIV-1 diagnosis were not routinely available at KNH.
Caregivers of HIV-1 ELISA positive children aged 1 month to less than 18 months were invited to participate after post-test counseling. The research objectives, procedures, risks and benefits were explained to caregivers who were then asked to provide written informed consent for study participation. Children without an identifiable adult caregiver and those whose HIV-1 infection status was already known through prior testing were excluded from the study. A caregiver was defined as a parent or guardian who lives with the child and is responsible for the child's upkeep and heath care.
Study procedures
Clinic procedures-Caregivers were interviewed using a standard structured questionnaire to obtain information about their socio-demographic characteristics, economic status, clinical history and HIV-1 status. In addition we obtained information on use of prevention of mother-to-child HIV-1 transmission (PMTCT) interventions, including use of antiretroviral drugs for the study infant. Clinical history was confirmed using the available medical records (outpatient card, discharge summary, patient file). A physical examination to establish the clinical and nutritional status of the child and to diagnose opportunistic infections was conducted by the Study Pediatrician according to the IMCI and the revised WHO-PD guidelines. In a separate consent process, caregivers were asked to consent to HIV-1 DNA PCR testing for their infants. Subsequently, caregivers underwent post-test counseling with disclosure of infant HIV-1 DNA PCR results and referred to Kenyattta National Hospital HIV care center where they all received cotrimoxazole prophylaxis and assessed further for initiation of antiretroviral drugs per the national guidelines.
Laboratory procedures-Infants whose caregivers consented to HIV-1 DNA PCR testing underwent phlebotomy and a blood specimen (3 ml) was drawn. Using a micropipette, approximately 80 μl of blood was applied to a pre-labeled filter paper. Filter paper HIV-1 DNA PCR testing (Roche Diagnostics, Branchburg, NJ, USA) for infants was done at the CDC laboratory at the Kenya Medical Research Institute, Kisumu. The remaining blood was taken to the Department of Paediatrics Laboratory at the University of Nairobi for assessment of the haemogram and T-lymphocyte cell subsets (CD4 count and CD4 percent). The CD4% was used to determine immunologic status as per the newly recommended WHO criteria 2005. Severe immune suppression was considered as CD4% < 25% for children < 12 months and CD4% < 20% for children 12-18 months.
Data analysis
All clinical and laboratory data were entered using the SPSS (Version 12) data entry program. A model was developed combining medical history and clinical findings constituting the IMCI and WHO-PD criteria for HIV infection. Different combinations of variables were entered into the model, which then was used to calculate how many children met the criteria. This was compared to HIV-1 DNA PCR test results and used to calculate the performance of each algorithm. Sensitivity, specificity, positive and negative predictive values (PPV and NPV) were calculated for the different algorithms. The baseline HIV-1 prevalence among HIV-1 exposed infants was estimated to be 25% in this population based on reported transmission rates in published Nairobi-based PMTCT studies (13) .
To determine if combined criteria improved the performance of the data, the IMCI and the WHO-PD criteria were then assessed in combination with the CD4% information. The test was designated to be positive if a child met the IMCI or WHO-PD clinical criteria and/or the CD4% criteria for severe immunosuppression and was negative if neither of the criteria were met. In a separate analysis, we included information on PMTCT interventions to improve the performance of the clinical algorithms. If the caregiver reported both baby and mother did not receive ARV drugs for PMTCT, this was counted as a positive criterion in both the IMCI and the WHO-PD algorithms. For example, a child would be considered HIV-infected if neither mother nor child had received ARVs and 2 additional criteria were met.
Ethical approval
The study was approved by the Kenyatta National Hospital/University of Nairobi Ethics and Research Committee and the University of Washington Human Subjects Division. Written informed consent was obtained for all the caregiver-child pairs participating in the study.
Results
Characteristics of caregiver-infant pairs
Between September 2005 and June 2006, 1,418 children less than 18 months of age were tested for HIV-1 antibodies using ELISA assays. One hundred forty-four (10%) children were HIV-1 seropositive, and among these, 6 (4%) of the 144 caregivers declined to participate in the study. Of the 138 enrolled caregivers, 4 (3%) declined to have their child tested for HIV-1 DNA. The study population for analyses included the remaining 134 caregiver-infant pairs who had infant HIV-1 DNA testing ( Figure 1 ). Of 134 caregivers, 133 (99%) were female, of whom 119 (89%) were the child's biological mother. Median age of caregivers was 27 years (Interquartile range [IQR] 24 -31). The majority of the caregivers were literate, with 127 (95%) having completed at least 8 years of education, and 119 (89%) were unemployed. Ninety-five (81%) of 117 caregivers who responded to the question, reported having had an HIV-1 test, and 62 (72%) of the 86 who received their results reported their status as HIV-1-seropositive and 24 (28%) as seronegative (Table 1a) .
Seventy-two children (54%) were female and the median age was 5.4 months (IQR 3.2 -9.2). Eighty (60%) of the 134 HIV-1 ELISA positive infants were found to be HIV-1-infected as determined by HIV-1 DNA testing. Ten (12.5%) of the 80 HIV-1-infected children had insufficient data collected to permit clinical staging. Of the remaining 70 children, 12 (17.2%) were classified as WHO stage 1, 4 (5.7%) stage 2, 22 (31.4%) stage 3 and 32 (45.7%) stage 4. Eighty-seven (78%) of 124 caregivers who responded to the question, reported that their infant had been breastfed, with less than one-third (29%) reporting exclusive breastfeeding for 6 months. Over half (56%) of the 119 caregivers who responded to the question on prevention of mother-to-child transmission of HIV-1 (PMTCT), reported use of antiretroviral drugs for prevention of HIV-1 transmission (Table  1a) .
Seventy-three (55%) children were referred from the general paediatric wards of Kenyatta National Hospital, while the remaining 61 (45%) were from the outpatient clinics. The referral diagnoses included pneumonia [64 (48%)], diarrhea [33 (25%)], malnutrition [25 (20%)], oral thrush [48 (36%)], and tuberculosis [9 (7%)]. Median CD4 count was 1,056 (IQR 504-1670) and median CD4% was 17% (IQR 9.3 -23.6). Results of absolute CD4 and CD4% were available for 124 (92.5%) of the 134 HIV-1 exposed children. Eighty-four (68%) had a CD4% which classified them as having severe immune suppression. Medians for white blood cell count, total lymphocyte count, and hemoglobin level were 10.5×10 9 / liter (IQR 7.4 -14.7), 6.1 (IQR 3.9 -8.5) ×10 9 /liter, 11.0 (IQR 9.3 -12.5) grams per deciliter, respectively. Baseline characteristics of the children are shown in Table 1b .
Performance of different algorithms on HIV-1 diagnosis
Sensitivity-The IMCI criteria had a sensitivity of 19% (95% CI 0.12-0.29), identifying 15 of 80 HIV-1 infected children while the WHO-PD criteria was found to have a sensitivity of 43% (95% CI 0.32-0.54), identifying 33 of 77, and the immunological criteria (CD4 percent) had a sensitivity of 72% (95% CI 0.61-0.81), identifying 54 of 75 HIV-1 infected children assessed. Adding CD4 percent criteria for severe immunosuppression to the IMCI and WHO-PD criteria improved the sensitivity of the IMCI criteria to 74% (95% CI 0.63-0.82) and the WHO-PD criteria to 84% (95% CI 0.74-0.90), (Table 2a) .
Specificity-The specificity of the IMCI criteria was 96% (95% CI 0.87-0.98) identifying 52 of the 54 children without the disease, while that for the WHO-PD criteria in this population was 88% (95% CI 0.77 -0.94) identifying 44 of the 50 children without the disease. Specificity using CD4% was 39% (95% CI 0.26-0.53) identifying 19 of the 49 children without the disease. Addition of the CD4% to the IMCI criteria and WHO-PD criteria reduced the specificity to 43% (95% CI 0.30-0.56), identifying 23 of the 54 children without the disease and 41% (95% CI 0.29-0.54), identifying 22 of the 54 children without the disease, respectively (Table 2a) .
Positive predictive value (PPV)-Using IMCI criteria, 13% of the children with a positive test were HIV-1 infected. Thus, the PPV for the IMCI criteria was 13%. The PPV for the WHO-PD and CD4% criteria were 54% and 42%, respectively. The PPV for IMCI and WHO-PD criteria changed after incorporating the CD4% to 30% and 32%, respectively (Table 2a) .
Negative predictive value (NPV)-IMCI criteria had a NPV of 67%. Thus, 36 children of the 54 diagnosed as not being infected using these criteria had no HIV-1 DNA detected by PCR. The NPV for WHO-PD and CD4% criteria were 82% and 88% respectively. Incorporating the CD4% criteria to the IMCI and WHO-PD criteria minimally changed the NPV to 83% and 88%, respectively (Table 2a) .
Performance of the IMCI criteria for HIV-1 infection in infants by WHO clinical
stage-None of the 16 HIV-1-infected children classified as WHO Stage 1 or 2 were diagnosed using the IMCI criteria, giving a sensitivity of 0%, while all the 26 uninfected children would have correctly been identified as uninfected, giving a specificity of 100%. Only 12 (22%) of the 54 HIV-1 infected children classified as severe disease (WHO stage 3 and 4) were identified using the IMCI criteria, while 12 (86%) of the 14 uninfected were correctly identified giving a sensitivity of 22% and a specificity of 86%, respectively (Table  2b) .
Performance of the IMCI and WHO-PD criteria by age-Analysis of the performance of the IMCI and WHO-PD criteria in infants by age of the infant showed that sensitivity for IMCI increases from 20% for infants aged less than 6 months to peak at 26% for ages 6-less than 12 months, then declines to 14% for those 12-18 months. A similar trend was observed for the WHO-PD where those less than 6 months, the sensitivity was 38%, for ages 6-less than 12 months 56% and 36% for ages 12-18 months (Table 2c) Performance of algorithms with inclusion of no peripartum use of ARVs for PMTCT-We evaluated algorithms incorporating information on use of ARVs for PMTCT to determine if this information enhanced performance of the clinical algorithms. Reported failure to use PMTCT interventions was identified as a significant independent predictor of HIV-1 infection in this population. If neither mother nor child received ARVs for PMTCT, the child was 4-fold more likely to be HIV-1 infected (Odds ratio (OR) 4.45; 95% CI 1.75 -11.63; p value 0.005) compared to a child where both the mother and child received ARVs. In the adjusted analysis controlling for pneumonia, oral thrush, malnutrition, and diarrhea, no peripartum ARVs remained significantly associated with HIV-1 infection (OR 3.03; 95% CI 1.20-7.66; p-value 0.02).
If the criterion 'no peripartum use of ARVs for PMTCT' was added to the IMCI and WHO-PD criteria, the sensitivity and specificity of the IMCI criteria were 58% and 75%, respectively, correctly classifying 43 of 74 infected and 34 of 45 uninfected children, while those for the WHO-PD criteria were 51% and 80%, respectively, correctly classifying 38 of the 74 infected and 36 of 45 uninfected children. The positive and negative predictive value for IMCI were 44% and 84%, while those for the WHO-PD criteria were 46% and 83% respectively with the inclusion of the no peripartum use of ARVs for PMTCT as a criterion (Figure 2b ). Stratified analysis for children in different stages of the disease, incorporating no peripartum use of ARVs for PMTCT as a criterion to the IMCI criteria would result in enhanced sensitivity correctly classifying 10 (62.5%) of the 16 HIV-1 infected and 20 (77%) of 26 uninfected children, for children in WHO disease stage 1 and 2, respectively. For children with severe disease (WHO stage 3 and 4) the IMCI criteria with addition of no peripartum use of ARVs for PMTCT as a criterion correctly classified 31 (57%) of the 54 infected and 8 (57%) of the 14 uninfected children. Thus the sensitivity of the IMCI criteria for children in WHO clinical stage 1 and 2 was increased from 0% to 62.5%, while specificity was reduced by 10% from 100% to 90.9%. For children in WHO stage 3 and 4 sensitivity was increased from 22% to 57% (2.6 fold), while the specificity reduced by 30% from 86% to 57%.
Discussion
This study critically assesses the Integrated Management of Childhood Illnesses (IMCI) and the WHO presumptive diagnosis (WHO-PD) criteria for diagnosis of HIV-1 infection in symptomatic, HIV-1-exposed children less than 18 months using HIV-1 DNA PCR testing to definitively diagnose children infected with HIV-1. Infant HIV-1 prevalence in this crosssectional sample of HIV-1 exposed infants was 60% and both clinical algorithms were found to be relatively insensitive as screening tests in this setting. However we found clinical algorithms have a good specificity and negative predictive value and are useful in identifying children who might not need HIV-1 DNA PCR testing which could improve appropriate referral and effective use of resources available for viral tests.
In high disease prevalence, low resource settings with high infant mortality rates, early identification and access to care of HIV-1 infected infants is critical to prevent rapid HIV-1 disease progression and mortality in perinatally-infected infants. Thus, a highly sensitive algorithm is desirable. However, there are also reasons for wanting a highly specific test. ART drugs are expensive and known to have toxic effects. A highly sensitive algorithm with a low specificity would over-diagnose and expose some children unnecessarily to ART. Furthermore, diagnosis of HIV-1 may cause the family psychological stress, social discrimination and sometimes violence and false positive results should be minimized.
The IMCI criteria in this hospital based population yielded a sensitivity of 19%, specificity of 96%, positive predictive value of 13% and negative predictive value of 67%. The WHO-PD criteria for ART initiation performed better with a sensitivity of 43%, specificity of 88%, positive predictive value of 54% and a negative predictive value of 82%. Thus, WHO-PD had better sensitivity than IMCI without compromising specificity (Table 2a) . When IMCI criteria were analyzed for performance in children at different WHO disease stages (Table  2b) , we found that the algorithm completely failed to identify HIV-1 infected children in WHO disease stage 1 and 2. Thus, only children who are in stage 3 and 4 would be referred for HIV-1 testing and care. Even in these children the sensitivity was low (22%), which is particularly concerning because children in advanced stages of disease need treatment and should be started on ART.
The findings of this study add to the few studies which have evaluated these criteria in high HIV-1 prevalence regions. In contrast to previous studies, children in this study were not in a PMTCT cohort. They were very young with a median age of 5.4 months and about half (55%) were hospitalized (Table 1a) . The young age of our study would be expected to result in lower sensitivity of clinical criteria as was noted in a prospective study from South Africa in which sensitivity for the IMCI criteria was 17% at 6 weeks improving to 50% at 12 months of age (14) . In this South African study, as well as a second one also conducted in South Africa, the populations were PMTCT cohorts, in care from birth and were older than the children in this study (14, 15) . Furthermore, in a PMTCT cohort, caregivers are likely to have more information on infant feeding and children are more commonly on cotrimoxazole prophylaxis, reducing frequency and severity of common childhood infections (16) . As seen in this study, young hospitalized HIV-1 exposed children may not have enough combination of symptoms to be picked by the clinical algorithms, hence exposed children sick enough to be admitted should be considered priority for virological testing and where such facilities are not available for further evaluation for antiretroviral treatment.
The WHO recommends that symptomatic HIV-1 exposed children less than 18 months who are severely immunosupressed by CD4% criterion be started on treatment where virological testing is not available until a definitive diagnosis can be made. CD4% criterion among HIV-1 exposed infants had a sensitivity of 72% and specificity of 39% for diagnosing HIV-1 infection in this population (Table 2a) . While many studies show that CD4% is low in HIV-1-infected children (17,18), we did not find published data on the performance of this criterion in a high HIV prevalence region where other concurrent childhood conditions might cause reduction of T-lymphocyte cell subsets. Hospitalized children are more likely to have conditions which reduce lymphocyte count, and this might explain why the CD4% criterion was non-specific. IMCI criteria's sensitivity increased to 74% and the WHO-PD criteria with CD4% had an improved sensitivity of 84%, however both had lowered specificity (43% and 41%, respectively) (Table 2a) . Adding CD4% to clinical algorithms is expensive and requires laboratory infrastructure, and even though many children eligible for ARV would be identified early, there are many other who would have unnecessary exposure to antiretroviral drugs because of the reduced specificity if empiric ART initiation was based on these criteria.
Prevention of mother-to-child transmission of HIV-1 interventions are being rapidly scaled up in Africa. We found that asking a simple question about peripartum use of ARVs for PMTCT to the caregivers improved the performance of the clinical algorithms in a resource limited, high prevalence setting. Addition of 'no peripartum use of ARVs for PMTCT' as a criterion improved the IMCI criteria's sensitivity to 58% and reduced the specificity to 75%, and it increased WHO-PD criteria's sensitivity to 51% with a reduction in specificity to 80%. This was a 3-fold improvement in the sensitivity of the IMCI criteria versus 22% decline in the specificity. The gains in the WHO-PD criteria were more modest with 18.6% increase in the sensitivity versus 9% decline in the specificity. The positive and negative predictive value for IMCI was 44% and 84%, while that for the WHO-PD criteria was 46% and 83% respectively. Inclusion of this question in the IMCI criteria would help identify the children in early disease stage as shown by a sensitivity and specificity of 63% and 91%, respectively, for children in WHO disease stages 1 and 2. This question on use of ARVs for PMTCT is clinically relevant as it guides the choice of drugs used for treatment of infected children, is widely applicable, and is practical to include in training packages for healthcare workers caring for children. Including a question of no peripartum use of ARVs for PMTCT improved the performance of the clinical algorithms by increasing the numbers accessing diagnosis and treatment, as well as identifying children early. We conclude from this study that it should be considered when adapting WHO clinical algorithms for use in similar settings. Infants whose mothers used ARVs for PMTCT were unlikely to be HIV-1 infected; hence the need to scale up ARVs for PMTCT in resource limited settings where HIV-1 virological tests are not readily available.
This study is the first to evaluate these widely implemented clinical algorithms in a population not in long term follow-up that included in-patients. However, the fact that children were recruited from an urban tertiary hospital is also a limitation because it may make results less generalizable to all health facilities. In addition, the study was underpowered to evaluate the effects of different disease status on CD4%. The low rates of sensitivity for these algorithms for diagnosing HIV-1 infection in this population underscore challenges in diagnosing many childhood infections using algorithms in regions with high disease prevalence. Nevertheless these sensitivity rates compare with those found for algorithms to diagnose acute lower respiratory infections (40 -61%) in infants (19) , pertussis (40-80%) (20) and malaria (40-65%) (21, 22) . It is clear that diagnosis of many illnesses, including HIV-1 infection, remains a challenge even in a high prevalence, resource limited setting, and current recommended algorithms have a low sensitivity, especially in children under the age of 18 months. However, our findings clearly emphasize the need for rapid scale up of diagnostic viral assays to determine HIV-1 infection in infants early. Selection of study subjects Breast plus other 61 49%
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